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SUMMARY 
Tests have been conducted i n  the Langley V/STOL tunnel t o  provide a 
pre l iminary assessment o f  possible means f o r  improving the low-speed aerody- 
namic charac ter is t i cs  o f  advanced supersonic c ru i se  arrow-wing conf igurat ions 
and t o  extend the ex i s t i ng  data base o f  such conf igurat ions.  
conf igurat ion var iables included; wind leading-and t r a i  1 ing-edge f l a p  de f lec -  
t ion,  fuselage nose strakes, and engine exhaust nozzle de f lec t ion .  
P r inc ip le  
The resu l t s  o f  the inves t iga t ion  showed t h a t  de f l ec t i ng  the wing 
leading-edge apex f l a p s  downward t o  suppress the wing apex vor t i ces  provided 
improved longi tud ina l  s t a b i l j t y  but resu l ted  i n  reduced d i rec t i ona l  s t a b i l i t y .  
The model exhib i ted r e l a t i v e l y  l o w  values o f  d i rec t i ona l  s t a b i l i t y  over the 
operational angle o f  a t tack range and experienced la rge  asymmetric yawing 
moments a t  h igh angles c f  at tack.  
ef fect ive i n  increasfng the d i rec t i ona l  s i d l i t y  and e l im ina t ing  the 
asymmetric yawing moment. 
The uce o f  nose strakes was found t o  be 
The resu l t s  o f  the Snvestigation a lso showed tha t  de f lec t ing  the  ? l a i n  
t r a i l i n g  edge f l aps  fc * increased l i f t  resul ted i n  some desi rab le reduct ions 
i n  e f fec t i ve  dihedral .  However, the leve l  o f  e f f e c t i v e  dihedral  was s t i l l  
relatively high, and when coupled with inadequate lateral control, resulted 
in a crosswind landing constraint which limited the approach lift coefficient 
o f  the configuration. The use of  symnetric and differential thrust vectoring 
increased the lateral control capabi 1 i ty, which resulted in relaxed crosswind 
landing constraints and increased approach lift coefficients. 
INTRODUCTION 
The National Aeronautics and Space Administration is currently 
investigating the aerodynamic characteristics of advanced supersonic cruise 
aircraft concepts. These conceptual designs typically incorporate a low 
aspect ratio highly swept arrow-wing. Although wind tunnel tests of such 
configurations indicate that high levels o f  aerodynamic efficiency may be 
obtained at transonic and supersonic speeds (see references 1 and Z), recent 
low-speed wirrd tunnel studies (see, for example, reference 3) have identified 
several deficiencies in the areas of low-speed performance, stabi 1 i ty and 
control. 
The present investigation is part o f  a broad research program which is 
intended to provide detailed information on the static and dynamic stability 
and control characteristics of advanced supersonic cruise arrow-wing configura- 
tions at low speeds. The model used in the present static force tests was a 
ight 
on of 
1 ight-weight, dycamical ly-scaled model which will be subsequently free f 
tested in the Langley full-scale tunne: to provide a cL!alitative evaluat 
low-speed handling qualities. 
oscillation tests to determine the dynamic stability derivatives for use 
analytical stabi 1 i ty and control studies. 
The model will also be used in forced 
in 
2 
Previous low-speed studies conducted wi th a geometr ical ly s i m i l a r  large-  
scale model o f  the  present c o n f i g u r a t i m  have been reported i n  reference 3 .  
The present inves t iga t ion  was s p e c i f i c a l l y  intended t o  provide a pre l iminary 
assessment o f :  
s t a b i l i t y ;  (2 )  t ra i l ing-edge f l a p  ef fect iveness and the e f f e c t  o f  t ra i l ing-edge 
f lap de f lec t ion  on e f f e c t i v e  dihedral ;  (3 )  t h r u s t  vector ing o f  conventional 
unders iung engines f o r  improved low-speed performance; (4 )  the e f f e c t  o f  
various airframe components on l a te ra l -d i rec t i ona l  s t a b i l i t y  m d  (5) d i f f e ren -  
t i a l  thcust  vector ing concepts used i n  conjunct ion with d i f f e r e n t i a l  t r a i l i n g -  
edge f lap def lect ion f o r  increased l a t e r a l  con t ro l .  
(1 ) revised leading-edge devices f o r  improved long i  tudina-l 
The tes ts  were conducted i n  the Langley ViSTOL tunnel over an angle o f  
The at tack range from about -5' t o  25" f o r  s i d e s l i p  angles o f  0" and 25". 
tes ts  were conducted a t  a Reynolds number (based on the mean aerodynamic chord) 
o f  about 2.5 x lo6. 
SYMBOLS 
The long i tud ina l  data are refer red t o  the wind system o f  axes, and the 
l a te ra l -d i rec t i ona l  data are re fe r red  t o  the body system of axes as i l l u s t r a t e d  
i.n f i g u r e  1. 
percent o f  the wing mean aerodynamic chord. 
The moment reference center f o r  the tes ts  was located a t  5 3 . 8  
The dimensional quant i t ies  herein are given i n  both the  In te rna t iona l  
System o f  Uni ts  (SI) and the U.S. Customary Uni ts .  
b wing span, m ( f t )  
Drag 
qs 
drag coef f i c ien t ,  















lift due to additional flow circulation 
qs 
additional circulation lift, 
Roll inc moment rolling-moment coefficient, -. -
qsb 
Pi tchinq moment 
qsc pi tching-moment coefficient, 
Yawing moment 
qSb yaw i ng -momen t coe f f i ci en t , 
Thrust 
qs 




mean aerodynamic chord, m (ft) 
horizontal-tail incidence, positive when leading-edge is up, deg 
2 free-stream dynamic, pressure, Pa (1 bf/ft ) 
wing area, m (ft.1 2 2  
body-axi s coordinates 
angle of attack, deg 
angle of sideslip, deg 
trailing-edge flap deflection, positive when trailing is edge down, 
exhaust nozzle deflection (positive downward), deg 
deg 
Model Component Designations 
H horizontal tai 1 
wing leading-edge apex flap (see figure 2 ( a ) )  








wing trailing-edge flap segments (see figure 2 ( a ) )  
outboard vertical f i n s  
centerline vertical t a i l  
center1 iae ventral f in  
w i  ng -body combi nation 
MODEL 
The model used i n  the present investigation was a lightweight dynamically 
scaled model which will be used in subsequent wind tunnel free-flight t e s t s  
and i n  forced oscillation tests. 
scale model are l isted i n  table I and shown i n  figure 2. 
model mounted for  tests in the Langley V/STOL tunnel is  presented in figure 3. 
The dimensional characteristics of the 0.045 
A photograph of the 
Previous studies with a geometrically similar, large-scale model are 
The model of the present investigation differed reported in reference 3. 
slightly from the large-scale model. In particular, the present model 
incorporated revised leading-edge flaps (see figure 2(c) and 2 ( d )  for 
comparison) intended to  provide improved longitudinal s tabi l i ty  characteris- 
t i cs .  
engine location (see figure 2 ( b )  for comparison). 
location resulted i n  approximate alignment of the nozzle exhaust with the 
trailing-edge flap system, and was intended t o  determine if such an arrange- 
ment would be effective for developing additional circulation l i f t .  
The present model also incorporated a forward sh i f t  i n  lower surface 
The forward sh i f t  in engine 
The model wing consisted of a n  arrow planform with an inboard leading-edge 
sweep angle of 74", a midspan sweep angle of 70.5", and an outboard sweep o f  
60". The feading-edge apex flaps could be deflected from 0" to  30" and the 
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leading-edge o f  the outboard wing panel could be def lected from 0' t o  45', o r  
replaced w i t h  a Krueger f l a p  arrangement (see f igures  2 ( c )  and 2(d)) .  
The model was equipped w i t h  four engine simulators which consisted o f  t i p  
dr iven fans powered by ex terna l l y  supplied coFpressed a i r .  
could be def lected using 20" elbow segments (see f i g u r e  2(b)) ,  and the t r a i l i n g -  
edge f lap  system shown i n  f i g u r e  2(a) permit ted d e f l e c t i o n  o f  the i n d i v i d u a l  
segments. 
The nozzle exhaust 
TESTS 
S t a t i c  force t e s t s  were conducted over an angle o f  a t tack  range o f  -5" t o  
25" f o r  an angle o f  s i d e s l i p  range -5" t o  +5". The conf igura t ion  var iab les 
associated w i t h  the wing-body-outboard v e r t i c a l  f i n  combination included; 
wing-apex leading-edge f laps,  outboard wing-panel leading-edge f laps,  and wing 
t ra i l ing-edge f laps.  Tests were a lso  conducted t o  inc lude the e f f e c t s  of ;  
various a i  rframe component combi nations, con t r o  1 surface def 1 ec ti ons, engi ne 
th rus t  coef f ic ient ,  and engine exhaust nozzle de f lec t ion .  
main t a i  n 
with t?e 
conducte 
Engine t h r u s t  c o e f f i c i e n t  was obtained from s t a t i c  c a l i b r a t i o n  o f  engine 
t h r u s t  versus engine r o t a t i o n a l  speed. 
model w i t h  a nominal va:ue o f  t h r u s t  c o e f f i c i e n t  of 0.13, obtained by 
Power-on t e s t s  were performed f o r  the 
ng constant values o f  RPM. 
engine simulators allowed t o  windmil l .  
Power-off tes ts  ( C T  = 0 )  were performed 
The unpowered tes ts  were 
a t  a Reynolds number (based on the mean aerodynamic chord) of 
6 approximately 2.5 x 10 . Due t o  engine-simulator t h r u s t  r e s t r i c t i o n s ,  power 
6 on t e s t s  (CT = 0.13) were conducted a t  a Reynolds nuiiiber o f  about 2.0 x 10 . 
I n  addi t ion t o  the forgoing tests ,  a l i m i t e d  number o f  smoke f l o w  
v isua l i za t ion  tes ts  were conducted t o  a i d  i n  the in te rpre ta ton  o f  the resu l ts .  
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PRESENTATION OF RESULTS 
A run  schedule and a tabular  l i s t i n g  o f  data are presented i n  the appendix. 
The r e s u l t s  and discussion are presented i n  accordance w i t h  the f o l l o w i n g  
out1 ine. 
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RESULTS AND DISCUSSION 
Longi tudinal  Aerodynamic Character is t ics  
E f f e c t  o f  wing leadinq-edge devices.- The longi tud ina l  aerodynamic 
charac ter is t i cs  o f  the basic wing-body-outboard v e r t i c a l  f i n  combination 
(L1=L2 = 0)  and the wing-body-outboa;*d v e r t i c a l  f i n  combination w i t h  wing- 
leading edge devices def' ted are presented i n  f i g u r e  4 .  The data show t h a t  
fo r  Q < 5" the leading-edge devices tested had no e f f e c t  on the l m g i t u d i n a l  
aerodynamic character is t ics ;  and t h a t  f o r  the moment reference center tested, 
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the wing-body-outboard v e r t i c a l  f i n  combination was about 4-percent unstable 
(i.e., aCm/acl = 0.04). 
wing-body-outboard v e r t i c a l  f i n  combination (Ll = L2 = 0) increased markedly 
w i t h  increasing angle o f  at tack.  
references 3 arid 4) have shown t h a t  such marked increases i n  the l eve l  of 
long i tud ina l  i n s t a b i l i t y  are a t t r i b u t a b l e  t o  the formation of wing apex 
vor t i ces  and a lso  t o  the s t a l l  o f  the outboard wing panels. 
4 have a lso shoim t h a t  de f l ec t i on  o f  the wing apex, and de f l ec t i on  of  the 
leading-edge o f  the outboard wing panels, i s  e f f e c t i v e  i n  both reducing the 
magnitude o f  the i n s t a b i l i t y  and i n  delaying the  angle o f  a t tack a t  which the 
i n s t a b i l i t y  occurs. 
segment apex f l a p  30" subs tan t i a l l y  reduces the marked non- l inear v a r i a t i o n  of 
Cm w i th  CL and thus provides a s t a b i l i z i n g  e f f e c t  f o r  angles o f  attacc< above 
5". During t h i s  phase o f  the i nves t i ga t i on  a l i m i t e d  number o f  smoke f l o w  
v i sua l i za t i on  tes ts  were conducted. The smoke f l ow  studies ind ica ted  t h a t  
def lect ion o f  the apex f l a p  was e f fec t i ve  i n  reducing the i n t e n s i t y  o f  the 
apex vor t ices;  however, some vortex formation could s t i l l  be observed. This 
r e s u l t  corre la tes we l l  w i t h  measured data presented i n  f i gu re  4, i n  t h a t  some 
increase i n  the leve l  o f  i n s t a b i l i t y  i s  s t i l l  present f o r  the model w i th  the 
apex f laps deflected. 
However, f o r  a > 5" the i n s t a b i l i t y  o f  the basic 
Past inves t iga t ions  (see, For example, 
References 3 and 
The data o f  f i g u r e  4 show tha t  d e f l e c t i n g  the s ing le  
Fiyure 4 a lso shows the ef fect  o f  de f l ec t i ng  the p l a i n  leading-edge f l a p  
o f  the outboard wing panel, and replacing t h i s  outboard leading-edge f l a p  
segment w i th  aKruegerf lap.  (see f igure  2(d) f o r  d e t a i l s ) .  
f igure  4 ind ica te  tha t  both the p l a i n  leading-edge f l a p  and the leading-edge 
Krueger f lap provided a small favorable cont r ibu t ion  t o  long i tud ina l  s t a b i l i t y  
a t  h igh angles of attack, and tha t  the cont r ibb t ion  o f  the leading-edge 
The data o f  
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Krueger f lap  was s l i g h t l y  greater  than t h a t  o f  the p l a i n  ieading edge f l ap .  
This r e s u l t  i s  a t t r i b u t a b l e  t o  the improvement i n  the f low condi t ions over 
the outboard wing panels. 
Figure 5 presents a comparison o f  long i tud ina l  data obtained f o r  the 
present model, w i t h  data obtained f o r  the  l a r g e r  model reported i n  reference 
3. The model o f  reference 3 had a def lectab le leading-edge apex f l a p  system 
and a pla in ,  permanently def lected, leading-edge f l a p  on t h e  outboard wing 
panel 
r e l a t  ve ly  good agreement. 
the  s i g h t  dif ferences i n  model geometry, and a l s o  t o  the  d i f fe rence i n  t e s t  
condi t ions (i.e., RN = 2 . 5 ~ 1 0  versus R!, 4 5.17~10 ). 
As can be seen from f i g u r e  5, the  data f o r  the models are i n  




E f f e c t  o f  trailing-e,ge f l a p  de f lec t ion . -  The segmented t ra i l ing-edge f l a p  
system i s  sketched i n  f i g u r e  2(a). 
segments i s  described normal t o  the  respect ive f l a p  hinge l i n e s .  
edge f l a p  s e t t i n ?  ind icated as tif = 40°/300/200 corresponds t o  a condi t ion 
wherein the  inboard t v a i l i n g  edge f l a p  segments ( t l )  at ? def lected 40°, the 
mid-span segments ( t g )  are def lected t o  30°, and the outer f l a p  segments ( t 5 )  
are def lected t o  20". 
?he angular d e f l e c t i o n  o f  the ind iv idua l  
A t r a i l i n g -  
Figure 5 presents %he l ong i tud ina l  aerodynamic charac ter is t i cs  o f  the 
wing-body-outboard v e r t i c d l  f i n  combination f o r  various t ra i l iny -edge f l a p  
def lect ions.  The data o f  f i g u r e  6 ind ica te  t h a t  f o r  cy. I O " ,  d e f l e c t i n g  the 
p l a i n  t ra i l ing-edge f l a p  from 0" t o  30" r e s u l t s  i n  e s s e n t i d l l y  a l i n e a r  
increase i n  C w i t h  increasing ~ 5 ~ .  
h igher f l a p  def lect ions,  the ef fect iveness o f  the trailiniJ-edc!t: t l d p  system i s  
reduced. 
However, J +  higher m g l e s  of attdck,  or L 
The reduct ion i n  t ra i l ing-edge f l a p  ef fect ivncss,  which occurs a t  
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high f l a p  de f lec t ions  and high angles o f  at tack,  i s  a t t r i b u t e d  t o  the separa- 
t i o n  o f  f low over the t ra i l ing-edge f l a p  system. 
I n  order t o  provide some i n s i g h t  i n t o  the ef fect iveness of the i nd i v idua l  
t ra i l ing-edge f l a p  segments, t es ts  were conducted i n  which the segments were 
def lected i nd i v idua l l y .  Figure 7 summarizes the r e s u l t i n g  increment i n  l i f t 
c o e f f i c i e n t  as a funct ion o f  f l a p  de f l ec t i on  f o r  i nd i v idua l  segments tl, t3, 
and t5. 
segment ( t , )  i s  most e f f e c t i v e  i n  producing l i f t ,  and t h a t  the outboard 
t ra i l ing-edge f l a p  segment ( t 5 )  i s  r e l a t i v e l y  i ne f fec t i ve .  A t  present, the 
high sweep o f  the hinge l i n e  o f  segment t5 ;q thought t o  be responsible f o r  i t s  
r e l a t i v e l y  poor l i f t i n g  charac ter is t i cs .  
incremental values of l i f t  c o e f f i c i e n t  presented i n  f i g u r e  7, w i l l  not  
necessar i ly  sum t o  the t o t a l  obtained by de f l ec t i on  o f  the e n t i r e  t r a i l i n g -  
edge f lap system. 
w i th  the data o f  f i g u r e  6 and therefore are thought t o  be i nd i ca t i ve  of the 
r e l a t i v e  effectiveness o f  the i nd i v idua l  t ra i l ing-edge f l a p  segments. 
From f i g u r e  7 i t  can be seen t h a t  the inboard t ra i l ing-edge f l a p  
It i s  o f  course recognized t h a t  the 
However, the data o f  f i g u r e  7 are i n  q u a l i t a t i v e  agreement, 
E f fec t  o f  th rus t  vectoring.- The discussion o f  refevence 5 has i nd i ca t ,  -i 
tha t  the overa l l  e f f i c i ency  o f  the present conf igura t ion  nay be s i g n i f i c a n t l y  
improved by the app l ica t ion  o f  p r o p u l s i v e - l i f t  concepts which provide improved 
low-speed performance. Previous low-speed inves t iga t ions  (see reference 3 )  
have included the use o f  a simple t h r u s t  vector ing arrangement wherein the 
exhaust f low o f  the conventional lower surface engines was def lected downward. 
The resu l t s  of reference 3 ind ica te  t h a t  due t o  the r e l a t i v e l y  f a r  a f t  loca- 
t i o n  g f  the exhaust nozzles, the increment i n  l i f t  due t o  the  th rus t  vector ing 
concept was l i m i t e d  t o  the vector component o f  the t h r u s t  force,  and t h a t  no 
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add i t iona l  c i r c u l a t i o n  l i f t  was developed. 
the nozzle e x i t s  w i t h  the t ra i l ing-edqe f l a p  system, and thereby det.ermine if 
such an arrangement would develop addi t ional  c i r c u l a t i o n  l i f t ,  the underslung 
engines were moved forward o f  the loca t ion  tested i n  reference 3 (see f igure  
2 ( b )  f o r  comparison o f  engine locat ions) .  
Therefore, t o  more near ly  a l i g n  
The long i tud ina l  aerodynamic charac ter is t i cs  o f  the present conf igurat ion 
w i t h  the exhaust nozzles undeflected (6N = 0') and w i t h  the exhdust nozzles 
def lected (6N = 20") are presented i n  f i g u r e  8. 
f i g u r e  8(a) indicates t h a t  for  the undeflected exhaust nozzles, the increment 
i n  l i f t  c o e f f i c i e n t  due t o  t h r u s t  e f f e c t s  i s  simply the vector component of 
Analysis o f  the data of 
a* 
0 
the t h r u s t  force given by the expression 
A C ~  = cT s i n  G' ( 1  1 
With the def lected exhaust nozzles, s t a t i c  ca i b r a t i o n  tes ts  showed t h a t  the 
j e t  exhaust was def lected through the geometr c nozzle angle. Analysis o f  the 
data o f  f i g u r e  8(b)  ind icates t h a t  very small values o f  add i t iona l  c i r c u l a t i o n  
l i f t  (CL, r )  are ohtained. 
= '~ lpower -'L power -CT s i n  (a + tiN) ( 2  1 
on o f f  
For example, a t  a = 10' CL,r i s  computed t o  be about on ly  2-percent of the 
t o t a l  l i f t .  
Horizontal t a i l  ef fect iveness.-  Figure 9 presents a coiiiudriLon o f  t h e  data 
obtained f o r  the model w'th tht? hor izontal  t a i l  o f f  and on. Froin thes? data 
i t  can be seen t h a t  f o r  angles o f  a t tack less than :O", the h o r i z m t a l  t a i l  
provides only a small con t r ibu t ion  t o  longi tud ind l  s t a b i l i t y .  However, a t  
higher angles o f  at tack the hor izontal  t a i l  does provide a soiiiewhdt greater 
s t a b i l i z i t l y  cont r ibut ion.  Figure 9 a lso shows that ,  as expeLted, t h i -u t t  
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af fec ted  the leve l  of the t a i l - o f f  p i t ch ing  moment; however, i t  d i d  not a l t e r  
the hor izonta l  t a i l  ef fect iveness. 
The long i tud ina l  con t ro l  effectiveness, provided by de f lec t i ng  the a l l  
movable hor izonta l  t a i l  through a range o f  t a i l  incidences corresporJing t o  
- 15", i s  shown i n  f i g u r e  10. 
i n e f f e c t i v e  f o r  prov id ing long i  tudirtal s t a b i l i t y  a t  low angles o f  at tack,  the 
data o f  f i g u r e  10 show t h a t  the hor izonta l  t a i l  does ,,rovide long i tud ina l  
cont ro l .  Furthermore, the data ind icated t h a t  the long i tud ina l  con t ro l  
effectiveness remains f a i r l y  constant over the angle o f  a t tack  range tested, 
and t h a t  the contro l  ef fect iveness was no t  a l te red  by t h r u s t  e f fec ts .  
should be noted tha t  the hor izonta l  t a i l  apparently d i d  no t  s t a l l  over the 
range of condi t ions investigated, and t h v f o r e ,  even higher l eve l s  o f  l ong i -  
tud ina l  cont ro l  may be obtained by increasing the hor izonta l  t a i l  i x i d e n c e  
above the values considered herein. 
+ Although the  hor izonta l  t a i l  tested was 
It 
Latera l  -Di rect ional  Characteri s t  i c s  
E f fec t  of wing leading-edge devices.- As mentioned i n  a previous section, 
de f l ec t i on  o f  the wing leading-edge apex f lap ,  L1, and de f lec t i on  of the 
leamg-edge f l a p  o'I the outboard wing panel, L2, resu l ted  i n  a benef ic ia l  
con t r i  bu&on t o  long i tud ina l  s tab i  1 i t y .  
Figure 11 shows the e f f e c t  on the l a te ra l -d i rec t i ona l  s t a b i l i t y  charsc- 
t e r i s t i c b  o f  de f lec t ing  the leading-edge apex f l ap ,  L1, and the outboard panel 
1eading-e.lge f l a p ,  L2. 
outtoa;-d v e r t i c a l  f i n  combination (L1 = L2 = 0) exh ib i t s  stable values o f  the 
d i rec t i ona l  s t a b i l i t y  der ivat ive,  Cng, and t h a t  Cog increased w i t h  increasing 
angle of at tack.  
The data o f  f i g u r e  11 show t ha t  the basic wing-body- 
Consideration o f  the s ide force der iva t ive ,  Cyc, ind icates 
t ha t  the increase i n  d i rec t i ona l  s t a b i l i t y  (i.e., increased values of Cn6) with 
increasincj angle o f  attack, o r i g i m t e s  from a body s t a t i o n  forward c f  the 
moment reference center. 
a..row-wing conf igurat ions (see, f o r  example, reference 4)  and has been 
associated wi th the i n te rac t i on  o f  the wing apex vor t i ces  on the forward por- 
t i o i l  of the conf igurat ion.  As can be seen from the data o f  i i g u r e  11, def lec- 
t i n g  the wing apex f laps  downward i n  order  t o  suppress the  wing apex vort ices,  
and hence provide improved lonc f tud ina l  s t a b i l i t y ,  r e s u l t s  i n  a reduct ion i n  
d i rec t i ona l  s t a t i l i t y .  
outboard panel leading -edge f l a p  had no s i g n i f i c a n t  e f f e c t  on d i rec t i ona l  
s t a b i l i t y ,  and tha t  de f l ec t i on  o f  e i t h e r  the  leading-edge apex f l a p  o r  the 
outboard panel leading-edge f l a p  had only  s l i g h t  e f f e c t s  on the  e f fec t i ve  
dihedral  der ivat ive,  C 
leading edge devices tested had on ly  a s l i g h t  e f f e c t  an CIB, the l e v e l  of Clg 
a t  the higher angles o f  a t tack i s  r e l a t i v e l y  high. 
of s im i l a r  arrow-wing concepts have ind ica ted  t h a t  such high l eve l s  o f  -C 
r e s u l t  i n  poor handling q u a l i t i e s  and l a t e r a l  con t ro l  charac ter is t i cs .  
Effect o f  t ra i l inq-edqe f l a p  def lect ion, -  As pointed out  i n  a previous 
This r e s u l t  has been observed f o r  o ther  h igh l y  swept 
The data o f  f i g u r e  11 a l so  show t h a t  d e f l e c t i n g  the 
f o r  a < 15”. It should be noted t h a t  although the  ‘6’ 
Previous s imulat ion studies 
‘B 
section, the r e l a t i v e l y  high leve ls  o f  -C 
hand1 ing  q u a l i t i e s  and l a t e r a l  con t ro l  problems. 
reference 6 have ind icated t h a t  reductions i n  -C 
t r a i  1 i ng-edge f l a p  def 1 ections, 
exh ib i ted  by the  model may lead t o  ‘ 6  
However, the resul  t s  o f  
may accompany increased ‘B 
Figure 12 presents the va r ia t i on  o f  the e f f e c t i v e  d ihedra l  der iva t ive ,  w i t h  
l i f t  coef f ic ient ,  f o r  various t ra i l ing-edge f l a p  def lect ions.  As can be seen 
from f i gu re  12(a), increasing the t ra i l ing-edge f l a p  
reduced levels o f  -CPdB a t  a given l i f t  c o e f f i c i e n t .  
de f l ec t i on  r e s u l t s  i n  
In order. t o  determine if 
13 
the above r e s u l t  could be a t t r i b u t e d  t o  an increased loading on the inboard 
po r t i on  o f  t he  wing, t e s t s  were conducted f o r  nonuniform t r a i l i n g  edge f l a p  
de f lec t ions  o f  30°/00/00 and O0/4Oo/2O0. These condi t ions were selected i n  an 
attempt t o  achieve as much v a r i a t i o n  o f  spanwise load d i s t r i b u t i o n  as possible. 
Figure i Z ( b )  presents a comparison o f  the  r e s u l t s  obtained f o r  the nonuniform 
trai l ing-edge f l a p  def lect ions,  w i t h  those obtained f o r  6f = 20°/200/200. 
data show t h a t  these three t r a i l i n g  edge f l a p  se t t ings  resu l ted  i n  about the 
same v a r i a t i o n  o f  CL w i th  a, and a lso  about the same v a r i a t i o n  o f  C ~ l g  w i t h  CL. 
For the t ra i l ing-edge f l a p  condi t ions investigated, no e f f e c t  on Cng was 
observed and hence the data are not  presented. 
The 
Based on the r e s u l t s  presented i n  f i g u r e  12, i t  appears t h a t  the reduct ion 
i n  the e f f e c t i v e  dihedral  (obtained a t  a constant CL) provided by increasing 
trai l ing-edge f l a p  def lect ion,  i s  associated with the reduct ion i n  angle o f  
a t tack  a t  which a given l i f t  c o e f f i c i e n t  i s  obtained. Therefore, one possible 
means for fu r ther  reducing the l e v e l  o f  -C 
ef fect ive high l ift system hh ich  w i l l  permit the desired l i f t  c o e f f i c i e n t  t o  
be achieved a t  reduced angles o f  attack. 
i s  through the development o f  an '8 
Airframe component bui ld-up studies.- Figures 13 and 14 present the 
va r ia t i on  o f  the l a te ra l -d i rec t i ona l  s t a b i l i t y  der iva t ives ,  w i t h  angle o f  
attack, f o r  various airframe component combinatiocs. From the data of f i g u r e  
13 i t  can be seen t h a t  the outboard v e r t i c a l  f i n s  and the cen te r l i ne  v e r t i c a l  
t a i l  provide a s t a b i l i z i n g  increment t o  the d i r e c t i o n a l  s t a b i l i t y  der iva t ive ,  
CnB, over the normal operational angle o f  at tack range, However, the contr ibu- 
t i o n  o f  the outboard v f - r t i ca l  f i n s  t o  C 
greater than 20°, an3 the con t r i bu t i on  o f  the cen te r l i ne  v e r t i c a l  t a i l  t o  Cna 
i s  reduced f o r  angles o f  at tack nf3 
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is reduced for angles of attack greater than 10". The data of figure 13 also 
show that the centerline ventral fin has no effect on the lateral-directional 
stability derivatives. 
Figure 14 shows the effect of the horizontal tail on the lateraldirectional 
stability characteristics of the model. 
angles of attack the addition of the horizontal tail (it = 0") provided the 
model with a stabilizing increment to CnB which is comparable to the increments 
provided by addition of either the outboard vertical fins or the centerline 
vertical tail. 
tail, for the model at low angles of attack, is probably due to the horizontal 
As can be seen from figure 14, at low 
The increase in directional stability provided by the hOriZOPtd1 
tail acting as an endplate for the vertical tail. It should be noted, however, 
that for angles o f  attack greater than about 14" the horizontal tail (it = 0") 
is directionally destabilizing and resulted in the complete model exhibiting 
unstable values of C However, as also 
shown by figure 14, deflecting the horizontal tail to it = -15" resulted in an 
increase in C relative to the horizontal tail-off condition) over the angle 
of attack range tested. 
for angles of attack from 16" to 22". "6 
nfi ( 
The data of figures 13 and 14 also show that the relatively high levels of 
-C IB ,  exhibited by the wing-body combination, arc only slightly influenced by 
other configuration conponents. 
Effect of fuselage forebod2 strakes.- As shown by the data of a previous 
section, the maximum val?;e of the directional stability derivative, CnB, of 
the complete configuration was found to be only. about 0.301. 
of similar configurations (see, for example, reference 7) have indicated that 
increased values of CqB may be required. Of course, increases in CnB could be 
Previous studies 
provided by increasing the  s i ze  o f  the v e r t i c a l  t a i l ;  however, t h i s  may be 
detr imental t o  the supersonic c ru i se  performance. Therefore, tci  provide 
necessary information f o r  f u t u r e  trade studies, t he  use o f  nose strakes (see 
f i gu re  2(e) f o r  geometric d e t a i l s )  has been investigated. 
a comparison o f  the l a t e r a l - d i r e c t i o n a l  data obtained f o r  the complete model 
w i t h  the  nose strakes on and o f f .  Ab can be seen, the p a r t i c u l a r  nose strakes 
Figure 15 presents 
tested provided a substant ia l  increase i n  the  d i r e c t i o n a l  s t a b i l i t y  der iva t ive ,  
CnB. 
values of Cy 
forward po r t i on  o f  the conf igurat ion.  
increased values o f  Cng o r i g i n a t i n g  from the nose may be accompanied by 
undesirable reductions i n  the damping i n  yaw. 
vequired t o  assess the t o t a l  e f f e c t  o f  nose strakes on the dynamic s t a b i l i t y  
cha rac te r i s t i cs  of the conf igurat ion.  
Furthermore, the increase i n  Cng i s  seen t o  be accompanied by increased 
ind i ca t i ng  t h a t  the s t a b i l i z i n g  inf luence or ig ina tes  from the  
However, as ind ica ted  i n  reference 8, 
6' 
Therefore, add i t i ona l  t es ts  are 
I n  add i t ion  t o  the r e l a t i v e l y  low leve l  of d i r e c t i o n a l  s t a b i l i t y ,  ' 3 
model was also found t o  e x h i b i t  large ou t -o f - t r im yawing moments. 
presents the l a t e r a l  -d i rect ional  cha rac te r i s t i cs  Gbtained f o r  the complete 
model a t  B= O " ,  f o r  condi t ions with and without the prev ious ly  discussed nose 
strakes. The data show t h a t  wi thout nose strakes, extremely large asymmetric 
yawing moments occur f o r  angles o f  at tack greater than 15". 
f i g u r e  16 also shriw that when the strakes were added t o  the fuselage forebody, 
the asymmetry i n  yawing moment was v i r t u a l l y  el iminated. Previous studies 
(see, f o r  example, refe-ence 9) have i d e n t i f i e d  asymmetric displacement o f  
vortex cores o r ig ina t i ng  from long slender fuselage forebodies as one 
phenomena responsible f o r  yawing moment asymnetries. A sketch o f  the f low 
f i e l d  over the fuselage forebody, observed during smoke f l o w  v i sua l i za t i on  
16 
Figure 16 
The data o f  
t e s t s  o f  tne present ;nodel, i s  presented i n  f i g u r e  17. 
the nose strakes, t he  vortex cores eminating from t h e  fuselage forebody were 
found t o  bti asymnetrical ly dPsposed as sketc5ed i n  f i g u r e  17(a). Add i t ion  o f  
t he  nose strakes apparently provides a wel l  defined p o i n t  o f  separation which, 
i n  tu-n, esu l ted  i n  the symnetric vortex formation sketched i n  f i g u r e  17(b). 
A1 though t h i s  phenomenon i s  probably Reynolds number dependent, the inves t iga-  
t i o n  reported i n  reference 10 has indicated t h a t  it may p e r s i s t  a t  f u l l - s c a l e  
Reynalds p.imbers. 
For the  model w i thout  
The efi 'ect o f  the nose strakes on the longi tud ina l  aerodynamic 
c h a r a ~ t e r i s t i c s  o f  the conf igurat ion i s  presented i n  f i g u r e  18. As can be 
seen, the p d r t i c u l a r  strakes tested introduced an increased l e v e l  o f  
longi tud ina l  i n s t a b i l i t y  f o r  angles o f  a:tack above 5". 
noted t i ia t  the strakes were so le l y  intended t o  inves t iga te  po ten t i a l  improve- 
ments i t  d i rec t i ona l  charac tc r is t i cs .  
t o  defir  '? the appropriate strake geometry which w i l l  provide the bene f i c ia l  
increase i n  C and 
attendant increase i n  longi tud ina l  i n s t a b i l i t y .  
However, i t  should be 
Therefore, add i t i ona l  study i s  required 
iminate t h e  yawing moment asymnetry, wi thout the nB 
LATERAL CONTROL CHARACTERISTICS 
Previous ar ia ly t ica '  xtudies o f  h igh l y  swept arrow-wing concepts have in-  
dicated t h a t  the l a , .  o f  adequate r o l l  control ,  f o r  p rov id ing  l a t e r a l  t r i m  
under steady-?'ate crosswind landing condition,n;ayimpose added low-speed 
present i nves t i ga t i on  t e s t s  
ef fect iveness provided by the 
1 i ng-edge f l ap  segments , and 
operationa' constraints.  Therefore, during the 
t o  determir,t- the l a t e r a l  cont ro l  
f f e r e r i t i a l  de f lec t ion  o f  the t r a  
were c!- ductec 
ai lerons and d 
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to assess the potential advantages of thrust vectoring concepts for providing 
increased roll control. It should be pointed out that the model used in the 
investigation was relatively rigid, and that the effects of elasticity have not 
been considered. 
Aerodynamic lateral control effectiveness.- The data of figure 7 have shown 
that the trailing-edge flap segment t5 is relatively ineffective for providing 
lift; however, because of its geometric moment arm, segment t5 has been found 
to be relatively effective for producing roll control. 
shows the variation of the laterai-directional aerodynamic characteris!>cs with 
angle of attack for the model using the outboard aileron (t6) and the combina- 
tion of outboard aileron and trailing-edge flap segment t5. As can be seen, 
segment t5 provides approximately one-half the rolling moment produced by 
deflecting the outboard aileron (t6) alone. 
ing longitudinal data for the configuration with the above lateral control 
conditions. Also presented in figure 20 are the data obtained for the 
symnetric, df = 4O0/4Oo/2O0 flap condition. As can be seen from comparison of 
the data of figure 20, the use of segment t5 for lateral control results in 
only minor lift losses, indicating that segment t5 may be used more effectively 
as an aileron than as a trailing-edge flap. 
For example, figure 19 
Figure 20 presents the correspond- 
In order to further establish the relative lateral control effectiveness of 
the individual trai 1 ing-edge segments, tests were conducted wherein the segments 
were deflected individually. The results are sumnarited in figure 21 for an 
assumed approach angle of attack of 8'. It is of course recognized that the 
incremental values o f  rolling moment coefficient, provided by the individual 
segments, will not necessarily sum to the total obtained by deflection of 
18 
various segments i n  combination, However, comparison o f  the data o f  f i g u r e  19 
wi th  resu l t s  obtained by sumnation o f  corresponding data o f  f i gu re  21 shows 
t h a t  good agreement does ex i s t .  Hence, the data o f  f i g u r e  21 may be considered 
t o  be representative o f  the l a t e r a l  control  c a p a b i l i t i e s  o f  the present 
t r a  i 1 i ng-edge system. 
From the data o f  f i gu re  21 i t  can be seen t h a t  the v a r i a t i o n  of C, with 
def le2t ion angle f o r  segment t 6  is non-linear, thereby i nd i ca t i ng  t h a t  upwardly 
def lect ing segment t 6  can produce a l i f t loss  which i s  greater than the lift 
gain produced by a corresponding downward de f l ec t i on  o f  t h i s  segment. Since 
previous studies have shown t h a t  such segments are i n e f f e c t i v e  a t  def lect ions 
greater than 40°, and since i t  i s  desired t h a t  no l i f t  losses accompany the 
l a t e r a l  control  provided, the data o f  f i gu re  21 ind icate t h a t  the maximum 
l a t e r a l  control  produced by segment t 6  would be about C, = 0.01. The data o f  
f igure 21 also show tha t  the maximum l a t e r a l  control  provided by segment t5 
for  240' deflect ion would be C, = 0.006. Hence, f o r  the assumed approach 
angle of attack of 8",  the l a t e r a l  control  provided by segments t5 and t 6  would 
be l i m i t e d  t o  about C, = 0.016. However, as shown by f i g u r e  21, segments tl 
and t3 produce s i g n i f i c a n t l y  higher leve ls  o f  r o l l i n g  moment than segments t5 
and t6, which suggests t h a t  u t i l i z i n g  surfaces tl and t3 as flaperons may 
substant ia l ly  increase the l a t e r a l  control  avai lable. 
Assuming t h a t  segment def lect ions greater than 40" w i l l  r e s u l t  i n  f low 
separation (as indicated by figures 6 and 7 ) ,  then the t o t a l  r o l l  cont ro l  
avai lable wi th  minimum l i f t  loss, using segments t5 and t 6  as ai lerons and 
segment tl ana t3 as f lagemns.  i s  as fol lows: 
- .. . .  
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If it is assumed that the lateral control available remains constant over the 
angle o f  attack range considered, then lines of constant lateral control 
available may be superimposed on the plot o f  CL versus tif as illustrated in 
figure 22. It should be noted that the longitudinal data presented in figure 
22 are obtained from figure 6, assuming that the lift contribution of segment 
t5 is negligible. 
The roll control required for lateral trim under crosswind conditions may 
be obtained from 
where the values 
(see figure 12). 
the expression 
c\ = C,@ ( 3  1 
of C l g  are a function of lift coefficient and flap deflection 
The sideslip angle, B,  is by definition 
6 = sin-' - v 
V 
( 4 )  
mere v = crosswind velocity, and V is the approach speed which is assumed to 
be a 'unction o f  CL only. 
v =J- (5) 
Therefore, for a given approach lift coefficient, flap deflection and crosswind 
velocity, equation 3 defines the lateral control required. Superimposing the 
lateral control required on the plot o f  lateral control available, and plotting 
the locus of points for which the lateral control available equals the lateral 
20 
control required, reshlts in the lateral control constraint illustrated in 
figure 23. 
8 ” ,  the requirement for lateral trim in a 30 knot crosswind would limit the 
approach lift coefficient to values of about 0.5. Although increases in 
approach CL would be provided by reducing the crosswing velocity (see figure 
23), the 30 knot crosswind constraint is considered to be consistent with 
current design practice. 
From figure 23 it can be seen that for an assumed approach angle of 
In order to more clearly demonstrate the relationship between Crosswind 
velocity and approach lift coefficient (or approach speed) the results of 
figure 23 are presented as a nomogram in figure 24. 
seen that desirable reductions in approach speed would be accompanied by an 
i ncreasi ng 1 y restrictive crosswind constraint . 
From figure 24 it can be 
It is of course recognized that the above results are for a lateral 
control system of outboard ailerons and differential trailing-edge flaps, and 
that other sources of lateral control may allow the crosswind constraint to be 
relaxed. One concept is to provide increased trailing-edge flap effectiveness 
(for example with the use of propulsive-lift concepts). Increased trailing- 
edge flap effectiveness would, of course, provide increased lateral control ; 
moreover, it would permit increased lift to be obtained at a given angle of 
attack, which, as indicated previously, will provide reduced levels of -C 
at a given value of CL. The reduction in -C 
reduced levels of required lateral control. 
‘6 
will of course result in ‘6 
Effect of thrust vectoring.- As indicated in the previous section, the 
development of propulsive lift concepts may allow the crosswind constraint 
to be relaxed. As an illustration, the 30 knot crosswind constraint calculated 
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f o r  the conf igurat ion employing symnetric t h rus t  vector ing i s  compared wi th  the 
cons t ra in t  f o r  the basic conf igura t ion  i n  f i gu re  25. As can be seen from com- 
par ison o f  f igures 25(a) and (b), the  use o f  synmetric t h rus t  vector ing would 
r e s u l t  i n  an increase i n  approach l i f t  c o e f f i c i e n t  from about .5 t o  about 0.55. 
The increase i n  approach l i f t  coe f f i c i en t ,  provided by symmetric t h r u s t  
vector ing i s  due to :  
given lift coe f f i c i en t ,  which r e s u l t s  i n  a reduct ion i n  l a t e r a l  con t ro l  required, 
and (2 )  an increase i n  a i l e ron  ( d i f f e r e n t i a l  f l a p )  de f l ec t i on  avai lable,  due t o  
reduced symnetrical f l a p  de f l ec t i on  required t o  achieve a given CL. 
(1) the  prev ious ly  mentioned reduct ion i n  -CIB a t  a 
I n  order t o  inves t iga te  the use o f  d i f f e r e n t i a l  t h r u s t  vector ing as a 
possible means f o r  prov id ing f u r t h e r  increased l a t e r a l  con t ro l  , t e s t s  were 
conducted wherein the outboard exhaust nozzles were def lected 20" d i f f e r e n t i a l  Iy 
from the undeflected condition. 
c i e n t  produced by the d i f f e r e n t i a l  t h r u s t  vector ing and a l so  presents the  
values o f  r o l l i n g  moment c o e f f i c i e n t  which would be d i r e c t l y  a t t r i b u t a b l e  t o  
d i f f e r e n t i a l  i n c l i n a t i o n  o f  the th rus t  produced by the outboard engines. 
ca lcu lated value o f  r o l l i n g  moment c o e f f i c i e n t  i s  computed from the expression 
Figure 26 presents the r o l l i n g  moment coe f f i -  
The 
Y i  
C, = -& b cT s i n  6Ni (6 1 i 
As would be expected (based on the long i tud ina l  r e s u l t s  obtained from s y m e t r i c  
t h rus t  vector ing tes ts )  the  experimental and ca lcu lated r e s u l t s  are i n  
r e l a t i v e l y  good agreement. 
ca lcu lated r o l l  i ng  moment coe f f i c i en t  somewhat underestimates the exper imental ly 
determined values. 
engine exhaust ac t ing  as a spoi ler ,  and hence prov id ing a s l i g h t  increase i n  
l a t e r a l  cont ro l .  
However, i t  i s  i n te res t i ng  t o  note t h a t  t.he 
This r e s u l t  i s  probably due t o  the upwardly def lected 
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If i t  i s  assumed t h a t  220" d i f f e r e n t i a l  t h r u s t  vector ing o f  a l l  f o u r  
engines may be superimposed on 20" o f  symnetric t h r u s t  vectoring, then f o r  
CT = 0.13 an incremental r o l l i n g  moment c o e f f i c i e n t  o f  0.009 i s  computed from 
equation 6. The increase i n  l a t e r a l  control ,  provided by d i f f e r e n t i a l  t h r u s t  
vectoring, f u r t h e r  relaxes the l a t e r t i l  cont ro l  cons t ra in t  as i l l u s t r a t e d  i n  
f i g u r e  27. Hence f o r  t he  condi t ions considered (i,e.,a= 8 O  and a 30 knot 
crosswind) the approach lift c o e f f i c i e n t  could be increased t o  0.6. 
It should be noted t h a t  the p a r t i c u l a r  t h r u s t  vector ing concept invest iga- 
ted produced only l i m i t e d  add i t i ona l  c i r c u l a t i o n  l i f t  and therefore, is seen 
t o  requi re ,substant ia l  de f l ec t i on  angles t o  achieve the l a t e r a l  con t ro l  shown 
i n  f i g u r e  27. However, i t  may be possible t o  reduce these required de f lec t ions  
and f u r t h e r  re lax  the l a t e r a l  cont ro l  cons t ra in t  through the use o f  a l t e rna te  
p r o p u l s i v e - l i f t  concepts which do produce substant ia l  l eve l s  o f  addi t ional  
c i r c u l a t i o n  lift. 
SUMMARY OF RESULTS 
The r e s u l t s  o f  low-speed wind tunnel tests  o f  an advanced supersonic c ru i se  
arrow-wing configuration may be sumnarized as fol lows: 
1. Def lect ion o f  thewing leading-edge apex f l aps  downward t o  suppress 
the wing apex vort ices,  and hence provide improved longi tud ina l  
s t a b i l i t y ,  r e s u l t s  i n  a reduction i n  d i rec t i ona l  s t a b i l i t y .  
2. For a < loo, de f l ec t i ng  the e n t i r e  p l a i n  t ra i l ing-edge lap 
system f r c i m  0' t o  30" resul ted i n  essen t ia l l y  a l i n e a r  ncrease 
i n  CL w i t h  df. However fo r  a 3 lo" ,  o r  6f > 30", the ef fect iveness 
o f  the p l a i n  t ra i l ing-edge f l ap  system was reduced. 
23 
3. For the p a r t i c u l a r  conf igurat ion tested, t h e  increment i n  l i f t  provided 
by t h r u s t  vectoring was essent ia l l y  l i m i t e d  t o  the vector component of 
the t h r u s t  forces. 
4. The hor izonta l  t a i l  tested was e f f e c t i v e  i n  prov id ing long i tud ina l  
cont ro l  over the angle o f  a t tack range tested. 
hor izonta l  t a i l  provided o n l y  a small c o n t r i b u t i o n  t o  long i tud ina l  
However, the 
s t a b i l i t y  fo r  a < ;Oo. 
5. Increasing t h e  t ra i l ing-edge f l a p  d e f l e c t i o n  res?l l ted i n  a 
reductian i n  -C 
apparently due t o  a reduct ion i n  angle o f  a t tack  a t  which the  given 
l ift coef f i c ien t  i s  obtained. 
a t  a given l i f t  c o e f f i c i e n t .  This r e s u l t  i s  'B 
6. ?he outboard v e r t i c a l  f ins  and t h e  center l ine  v e r t i c a l  t a i l  provided 
a s t a b i l i z i n g  increase i n  Cn over the normal operational angle of 
a t tack range. The add i t ion  o f  the hor izonta l  t a i l  provided a 
substant ia l  increase i n  Cn a t  low angles o f  at tack.  
7. The use of nose strakes was found t o  provide a s i g n i f i c a n t  increase i n  
Cn and t o  e l iminate large asymmetric yawing moments a t  h igh angles 
o f  attack; however, the p a r t i c u l a r  strakes tested were l o n g i t u d i n a l l y  
destabi l iz ing.  
8. ?he high leve ls  o f  e f f e c t i v e  dihedral,  and inadeqlrate l a t e r a l  cont ro l  
exhibi ted by the model, resul ted i n  a 30 knot crosswind landing 
const ra in t  which would l i m i t  the approach l i f t  c o e f f i c i e n t  o f  the 
configura'ion t o  about 0.5. 
9. The use of symnetric and d i f f e r e n t i a l  t h r u s t  vector ing resul ted i n  
increased l a t e r a l  cont ro l  which provided relaxed crosswind landing 
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TABLE I . . DIMENSIONAL CHARACTERISTICS OF MODEL 
Wing (aspect r a t i o  o f  1.72): 
2 2  Area. m (ft ) . . . . . . . . . . . . . . . . . . . . . . .  2.067 (22.25) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . .  1.89 (6.20) 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . .  ,2.515 (8.252) 
T ip  chord. m (ft) . . . . . . . . . . . . . . . . . . . . .  9.242 (0.794) 
Mean aerodynamic chord. m ( f t j  . . . . . . . . . . . . . . .  1.557 (5.109) 
Leading-edge sweep. deg . 
A t  body s ta t ion  1.275 m (4.184 ft) . . . . . . . . . . . .  
A t  body s ta t ion  +.758 m (15.609 ft) . . . . . . . . . . .  
A t  body s ta t ion  6.238 m (20.615 ftf . . . . . . . . . . .  
Vert ical  t a i l :  
Area. m2 (ft') . . . . . . . . . . . . . . . . . . . . . . . .  0327 (.352) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . .  171 (.562) 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0732 (.240) 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . .  59 . 
Vert ical  f i n  (two): 
Area. m2 ( f t2 )  . . . . . . . . . . . . . . . . . . . . . . . .  084 (.90558) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . .  0.147 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . .  0.499 
Tip chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . .  0.071 (0.2331) 






Horizontal t a i l  (aspect r a t i o  o f  1.39): 
Area. m2 (ft') . . . . . . . . . . . . . . . . . . . . . . . .  140 (1.613) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . .  457 (1.499) 
Root chord. m (ft) . . . . . . . . . . . . . . . . . . . . . .  540 (1.772) 
T i p  chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  116 (0.380) 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . .  43 
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Undeflected exhaust nozzle 
0 e f I ec ted ex ha u st n ozz I e 
(b) Sketch of nacelles and engine simulator 
Figure 2. -Continued 
Two segment system tested in ref. 3 
\ - Apex flap undeflected 
c 
Single segment sstein tested in present study 
Two segment system 
tested in ref 3. 
Apex flap deflected 30' - 
Single segment system tested 
in present study 
(c) Sketch of leading edge apex flap system 
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Figure 5. - Comparison of data obtained from present tests 
with data of ref. 3. L1 = 3@, L2 = 45'. 
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Figure 7. - Individual trailing edge flap effectiveness. 
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Figurea - Effect of thrust and thrust vectoring on longitudinal aerdynamic 
characteristics of the wing - bodv - outboard vertical fin combination. 
L1 = 30, 12 = 45'K ruqer, bf = ~ o / ~ o / 2 0 0 a  
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Figure 11. - Effect of wing leading edge devices on 
the lateral - directional aerodynamic 
characteristics of the wing -body out- 
board vertical fin combination.bf = $. 
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( a )  Uriiform trailing edge deflection 
obrboard vertical fin combination. L1 = 30°, 12 = 45'Krueger, CT = 0. 
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(b  1 Non-uniform trailing edge deflections, 
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Variation of lateraldirectional stability 
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Figure 14. - Effect of horizontal taikon lateral - 
d i r ect ion a I s ta bi I i ty derivatives. 
L1= 30°, 12 = 45' Krueger, bf = 4O0/4oo/~o0 
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Figure 15. - Effect of nose strakes on lateral-directional 
stability derivatives of the complete model 









Figure 16. - Variation of the lateral -directional 
characteristics with angle of attack, 
WB - V i  2+3-H, L1= 300, L2 = 45" 
Kruqei, 6f = @/@"/2Oo , CT = 0, = 0". * 
Asymmetric vortex cores 
(a) Strakes off 
Symmetric vortex cores 
(b) Strakes on 
*\+Q 3 
Figure 17. -e Sketch of observed vortex flow. 
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Figure 19. - Effect of lateral control surface deflection on lateral directional 
characteristics of complete model L1 = 300, L2 = 45' Krueger, CT = 0, 
0 1  
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Figure 20. - Effect of lateral control surface deflection on longitudinal aerodynamic 
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Figure 21. - Effectiveness of individual trailing - edge 
flap segments for roll control. a = 80. 
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Figure 22. - lllustration of lines of constant CZAvailable. 
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APPENDIX - PRESENTATION OF TABULATED DATA 










Angle of attack, deg 
Angle of sideslip, deg 
Drag force coefficient; stability axis 
Lift force coefffcient; stability axis 
Pitching moment coefficient; stability axis 
Rolling moment coefficient; body axis 
Sidg force coefficient; body a x i s  
Yawing moment coefficient; body axis 
Free stream dynamic pressure, (lbflft ) 2 
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